Background
Results
In total, there were 987 maternal deaths, with the overall MMR declining by 45.24%. The most common causes of maternal death during this period were pregnancy complications (28.37%), obstetric hemorrhage (25.33%), and amniotic fluid embolism (15.70%). Obstetric hemorrhage (28.14%) was higher in rural areas, while pregnancy complications were higher (29.27%) in urban areas. In all, 627 (63.5%) deaths were avoidable. The risk factors associated with unavoidable maternal deaths was above 35 years (aOR = 1.80 95%CI: 1.27-2.55), without prenatal examination (aOR = 8.97 95%CI: 1.11-7.78), low household incomes (aOR = 1.15 95%CI: 1.02-1.29), without adopting the new way to deliver (aOR = 5.15 95%CI: 3.20-8.31), and death location (aOR = 1.09 95%CI: 1.02-1.18). The most frequent and important factors associated with avoidable deaths was improper knowledge and skills of the county medical institutions. PLOS deaths, from surveillance data obtained from 2009 to 2014 in Hunan province. We hope that this study will provide a timely policy reference base with which to support the universal twochild policy and to create regulations intended to reduce maternal deaths. The epidemiological results of our study will also assist in the development of national maternal death prevention strategies in China.
Data and methods

Data sources
The maternal death case data used in this study were obtained from PMMSS, a well-established population-based maternal death registry system covering 14 cities from all 123 counties in Hunan province. According to the WHO, maternal death was defined as the death of a woman while pregnant, or within 42 days of the termination of pregnancy, irrespective of the duration and site of the pregnancy, from any cause related to, or aggravated by, the pregnancy or its management but not from accidental or incidental causes [8] . Cases of maternal death in patients who resided in Hunan province for at least one year were the surveillance subjects herein.
Live births from 2009 to 2014 were obtained from the Hunan province annual report. MMR was calculated by comparing the total number of maternal deaths with the total number of live births during the same year, and all MMRs were expressed as the number of deaths per 100,000 live births. The study protocol was reviewed and approved by the Institutional Review Board at Hunan province maternal and children health care hospital.
Hunan province was located in central China, covers 21.18 km 2 , and had a population of 71.47 million people, with 14 cities and 123 counties. The PMMSS system was established in October 1995 and was fully implemented in January 1996, and has now expanded to cover the entire province.
Maternal death review and ascertainment of outcome
According to the WHO recommendations [9] , each case of maternal death was reviewed firstly by the review committees at the county/district, then by the review committees at the municipal medical institutions, and finally at the provincial medical institutions, which ensured that all maternal death data were assessed by experts every six months in order to determine the causes of death and establish preventability, as well as to identify any associated factors. Death data were evaluated very carefully and all uncertain data were reinvestigated to ensure that the causes of death were reliable. In the end, the maternal death review conclusion was made by the provincial committees, especially when multiple reviewer conclusions made by the review committees of municipal and provincial medical institutions assigned different cause of death on a particular death (Fig 1) . Direct death causes referred to obstetric complications occurred during pregnancy, at delivery, or postpartum, such as abortion, ectopic pregnancy, postpartum haemorrhage, pre-eclampsia, and puerperal infection. Indirect causes of maternal death refer to a previously existing disease or a disease that developed during pregnancy unrelated to an obstetric event but was aggravated by physiological changes of pregnancy. Avoidable maternal death can refer to the institution or provider, and patient factors which may have ultimately prevented a condition from causing death or severe morbidity. The factors associated with avoidable maternal death involved knowledge/skills, attitude, resources and management in individuals/families, health care facilities and community services [10] . Every case was reviewed to determine whether it was avoidable.
Quality control
County/district and municipal MCH hospitals shall organize two comprehensive quality inspections every year. The provincial MCH hospital shall conduct a yearly survey of quality inspection. Those that fail to meet the requirement fully do the survey for the omission report of maternal deaths. The content of quality control was the underreport rate of the live births and the maternal deaths, the error rate of the card filling, and the complete rate of the card filling. 
Statistical analysis
Data were exported to Microsoft Excel 2010 and analyzed with SAS Version 9.3. Descriptive statistics, such as the frequencies and percentages of baseline variables were calculated. Maternal cause-specific mortality and region-specific mortality rates per 100,000 live births were also calculated. Time trends in MMR were tested using the Cochran-Armitage trend test. The standard chi-square test was used to compare the distributions of epidemiological, delivery, and maternal care characteristics for unavoidable and avoidable maternal deaths. Binary logistic regression model was used to examine the factors that were associated with unavoidable maternal deaths after selecting the variables into the adjusted model simultaneously, which had statistical significance in simple logistic regression. P<0.05 was chosen as the level of statistical significance. Fig 2) .
Results
MMR in Hunan province
Similarly Fig 3) . 
Causes of maternal death
The proportions of maternal deaths due to direct obstetric causes was 50. 
Characteristics of maternal death
Epidemiological, delivery, and maternal care characteristics of maternal death cases from 2009 to 2014 in Hunan province are presented in Table 2 . More than 72% of deaths (N = 715) involved mothers aged between 20 and 34 years. Furthermore, 77.4% (N = 763) of maternal death cases had not attended high school, 57.4% (N = 567) resided in the mountains, 31.6% (N = 312) occurred in the municipal hospital or provincial level medical institutions, 56.4% (N = 557) of maternal deaths occurred in the first 7 days after delivery. 35% (N = 342) required caesarean section, 9.4% women (N = 94) never attended an antenatal care clinic prior to delivery. The variables of age groups, educational level, household incomes per capita, death location, delivery locations, the days from delivery to death, parity, gestational age, mode of Epidemiological analysis of maternal deaths delivery, prenatal examination, and prenatal examination times were statistically significant in simple logistic mode that examined the risk factors of unavoidable maternal deaths (Table 2 ).
Risk factors of unavoidable maternal deaths
The risk factors associated with unavoidable maternal deaths was above 35 years (aOR = 1. Table 3) .
Review of maternal death
The total number of avoidable deaths was 627 (63.5%), and 345 (35%) cases were judged to be unavoidable, and 15 (1.5%) was agreed to unreviewable for lacking of information. Using the evaluation standards of maternal death review, incorporating the twelve lattice law established by the WHO, this review result showed that the leading risk factor was the knowledge and skills of health care workers in the county/district (N = 212, 33.8%), the second risk factor was the knowledge and skills of individuals/families and province/municipal (N = 105, 16.7%), and the third was the knowledge and skills of health care workers in the town/village (N = 108, 17.2%) ( Table 4) .
Discussion
We found a moderate reduction in the MMR of Hunan province in China from 2009 to 2014. This decrease was especially pronounced in urban areas, compared to that in rural areas. The MMR in Hunan province from 2009 to 2014 was higher than the average MMR in highincome countries (17 per 100,000 live births), but was lower than the MMR reported for Eastern Asia regions, at 27 maternal deaths per 100,000 live births. Compared with the whole of China, the average MMR was 26.23 between 2009 and 2014, with a 22.93% and a 34.71% reduction, respectively, of the MMR in rural and urban areas of China [11, 12] . While Hunan's decline in MMR had accelerated, it was still higher than the average MMR of eastern areas of China, where the average MMR was 16.22 from 2009 to 2014. Such a significant reduction in the MMR of Hunan province occurred in the context of China's national priorities and efforts to improve MCH services in Hunan province. Since 2000, the Chinese government has launched the maternal mortality control project, a project aimed at eliminating neonatal tetanus, and also the subsidy policy for rural women to attend hospital for childbirth was implemented in 378 counties of 12 provinces/autonomous regions/ municipalities in central and western China [13] . Hunan's government has led the efforts to decrease maternal mortality in a number of different ways: by construction of county-level obstetric emergency centers, strengthening the network construction of critical pregnancies, ensuring the flow of the green passage for rescuing the pregnancies smooth, ensuring the resource of obstetric blood sufficient, carrying out the appropriate technical training for Epidemiological analysis of maternal deaths copying with obstetric bleeding, promoting the comprehensive prevention and treatment of postpartum hemorrhage in rural areas, making hospital delivery free in rural areas, and creating strategies for improving the knowledge, attitude, and skill of health professionals, such as training classes for rural MCH professionals in Hunan province. The eastern regional level of economic development and maternal health was better than that of the central and western regions of China with greater territory [5, 14] . The MMR in Hunan province was higher than that in Henan province, with 17.3 in 2009 [7] , and Wuhan city in Hubei province, with 10.88 to 10.63 from 2009 to 2012 [15] . Jiangsu province in the east of China had the lowest MMR, 1.2 in 2011, which then remained at 1-2 over the next few years [2] .
Although the number of direct obstetric deaths decreased in Hunan province between 2013 and 2014, it was still the major cause (50.05%) of maternal deaths. This study showed that pregnancy complication was the leading death cause during the study period, and during the period of 2012 to 2014 based on the annual death rate. Furthermore, while pregnancy complication was the leading cause of death in urban areas, hemorrhage was the leading cause in rural areas. From our results, we can conclude that the proportion of direct obstetric causes in maternal deaths had fallen over time, and that pregnancy complications rather than hemorrhage, had become the leading cause of maternal death, with this phenomenon prominent in urban areas of Hunan province. In determining trends in the causes of maternal deaths, it is reasonable to conclude that the proportion of indirect deaths is increasing in all regions [16] . The selective two-child policy put forward in the Third Plenary Session of the 18 th Chinese
Communist Party Central Committee in November, 2013, which led to a higher rate of divorce and remarriage, and thus increased the proportion of aged puerpera. However, as age and parity increased, so did the rates of abortion, premature delivery, fetal distress, stillbirth, gestational diabetes mellitus, and other pregnancy complications [17, 18] . The main strategies to reduce MMR are based upon the understanding that pregnancy complications are emergencies and that most deaths occur during a very short period around childbirth. Furthermore, the consequences of maternal morbidity caused by the indirect causes of death can last a long time and lead to further burden. The study showed above 35 years, low household incomes, without prenatal examination, without adopting the new way to deliver, and death location was associated with unavoidable maternal death, as well as some differences in the distribution of epidemiological, delivery, and maternal care characteristics of maternal death cases. Women at the extreme ends of the reproductive age range (younger than 20 years and older than 35 years) have a higher risk of death for both physiological and social cultural reasons [19] . In this study, approximately 25.1% of all deaths were women who were over 35 years of age, which was similar with data reported for the United States between 2006 and 2010 [18] . In our study, most maternal deaths occurred in mothers who attended junior middle school and below, had an annual income per capita below 4000, and resided in the mountains. Low-income groups are the risk factor for maternal deaths. Increased household income and subsidies is likely to provide increased financial access to hospital delivery [20] and therefore reduce delays in care-seeking around the time of birth. This suggested that the government should take targeted measures to alleviate poverty and provide better medical service accessibility.
Nearly 100% of women now give birth in a hospital, but our findings indicated that 20.7% maternal death cases chose municipal or provincial hospital to give birth, where the percentage of maternal deaths was 31.6%. It showed that the provincial/municipal hospital were prone to maternal deaths. The reasons may be that they were the centers of treatment of critical pregnant women. What is more, it had been made progress in rural areas for controlling maternal deaths with the national policy. Therefore, it was not hard to explain that unavoidable deaths would be more likely to occur in the maternal pregnant with higher education levels though most maternal deaths occurred in mothers who attended junior middle school and below. The majority of maternal deaths occurred in last trimester (above 36 gestational weeks or more), with nearly 60% occurring in the first week after birth. Nearly a quarter of deaths occurred within 24 hours of delivery. Our data clearly show that the majority of maternal deaths occurred in the third stage and within 24 hours postpartum. Most maternal complications are emergencies and cannot be predicted with sufficient accuracy [21] . Women with postpartum hemorrhage had less than 2 hours before death; for antepartum hemorrhage, eclampsia, obstructed labor, and sepsis, patients would have 12 hours, 2 days, 3 days, and 6 days, respectively, these timings were agreed by maternal health experts at the 1987 launch of the Safe Motherhood Initiative. Amniotic fluid embolism is a rare complication of pregnancy associated with comparatively high mortality [22] . A Chinese study, investigating patients between 1996 and 2013, showed that the time from the onset of an amniotic fluid embolism episode until death mostly lay within the first 2 hours [23] . However, this highlighted the coverage and quality of care that women receive across the continuum of care, and suggests that we should focus on strengthening the third pregnancy stage and postpartum care for the first 7 days and improving obstetric rescue ability, especially with regards to postpartum hemorrhage, first aid for amniotic fluid embolism, and particularly in improving the ability of midwifery service skills in county hospitals and the obstetric emergency services in provincial/municipal hospitals for critically ill pregnant women in urban areas.
Maternal deaths for single parity and caesarean section were 42.6% and 34.7%, respectively. Since more and more women of advanced age are giving birth under the influence of the Chinese childbearing policy, we are expecting to see more women bearing two births. The population of mothers giving birth is progressively becoming older with substantial impact upon the incidence of caesarean section [24] . In future, this phenomenon will be more distinct under the influence of the universal two-child policy. Although this new policy is unlikely to lead to a significant increase in the mean birth rate for China as a whole, the highly heterogeneous development across the country means that increases in fertility may be greater in particular regions, such as in some rural areas and small towns [25] . The authorities will need to increase the capacity in MCH services, especially in rural areas, based upon monitoring changes in maternal deaths.
The maternal care characteristics showed that nearly 10% of cases were not examined prenatally while 60.9% of cases had one to five prenatal examinations. Early recognition of pregnancy was associated with improved timing and the number of prenatal care visits; the promotion of early pregnancy recognition could therefore represent a means of encouraging and empowering women to access prenatal care at a critical point in fetal development and maternal heath [26] . Pregnancy women in rural areas are advised to attend at least five prenatal care visits, and eight or more times in urban areas.
In this context, avoidable maternal cases accounted for 63.5% of deaths. In order to gain a clearer picture of what role preventability played in maternal deaths, this study identified and categorized the types of preventable events which occurred in the deaths reported. The most frequent and important factors associated with avoidable deaths was improper knowledge/ skills of medical institutions in the county, followed by improper individual/family knowledge/skills. In China, the lack of education and technology were probably the major problem underlying poor medical services in rural China [10, 27] . The insufficient knowledge/skills of the health professionals in medical institutions at the township and county level usually arise from a variety of conditions such as a delay in identifying or handling problems or risks during pregnancy, delivery, or puerperium; ignorance of proper referral for certain diseases; and poor surgical skills. Knowledge/skill of the individual/family appeared to be related to the under-educated or ill-informed, resulting in ignorance of pregnancy related risks, absence of prenatal examination, or the inability to identify risks of pregnancy-related complications. The new two-child policy means that increases in fertility may be greater in particular regions, such as in some rural areas and small towns [25] . The acute shortage of pediatricians and pediatric nurses across the country, especially in rural areas, has worsened over the past decade [28] , so any increase in birth rate resulting from the two-child policy will exacerbate pressures on an already stressed system in rural areas. This suggests that the provincial health administration department should increase the number of rural health care personnel and strengthen their training.
This study has some limitations. Firstly, workers needed to acquire data within 7 days of death in order to avoid a large amount of data missing. Secondly, there was information bias when the workers of count/district MCH investigated the situation of maternal deaths, such as recall bias, survey bias. Thirdly, the resident population included permanent and temporary residents (with at least one year of residence) in the Hunan PMMSS. However, China has experienced a large migration from rural to urban area, or from Hunan province to developed provinces and cities, such as Guangdong province. Migrant women were registered as rural inhabitants, but shared urban prenatal health care, or permanent residents shared better prenatal health care in other provinces.
Conclusions
Moderate progress has been made in reducing the MMR of Hunan province. We propose that the government focus its efforts on the following aspects in future. The first is to improve basic midwifery skills in rural areas, thus guaranteeing that each pregnant woman will receive at least five high-quality prenatal examinations, to improve the obstetric emergency rescue service ability in urban areas for critically ill pregnant women, and to guarantee that each pregnant woman will receive at least eight high-quality prenatal examinations. The second is to strengthen maternal mortality monitoring across the whole province, increase the number of rural health care personnel, and strengthen their training to improve knowledge/skills of the health professionals in medical institutions, especially given that the future influence of the universal two-child policy.
